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Abstract

A method is validated for the determination of anions with capillary electrophoresis (CE) in combination with
indirect UV detection. The method described here is used for the analysis of eight of the most common anions
(fluoride, chloride, bromide, sulphate, nitrate, nitrite, thiosulphate and phosphate). Next, the method is compared
with a another buffer system for the determination of anions with CE and indirect UV detection. Typical limits of
detection are obtained between 1 and 3 mg/l for the above-mentioned compounds. The repeatability and
reproducibility of the system differs per compound and is, with the exception of fluoride and phosphate, between 4
and 6% and 5-10%, respectively. Linearity was observed between 1 and 10 mg/l. The method is applied for the
determination of anions in drinking water, serum and urine.

1. Introduction

Today, the determination of ionic species is
generally carried out by ion chromatography
(IC), which uses the electrochemical properties
of the analytes, such as ionic interactions and
conductivity. The ability to separate and detect
several widely different ionic species simulta-
neously is an unique characteristic of IC. How-
ever, there are important limitations to IC,
including the lack of sufficient selectivity, low
separations efficiency and relatively large elution
volumes.

Capillary electrophoresis (CE) is an efficient
analytical separation technique for analysis of
minute amounts of sample, and has several
advantages, including improved resolution and
fast separations.

Long before the development of modern CE
techniques, Mikkers et al. [1] described the
separation of anions by electrophoresis in small

tubes. Since then, several groups of investigators
described the use of CE for the analysis of
anions [2-14]. Some used conductivity for the
detection of the anions [5,6}; others developed
indirect laser-induced fluorescence detection sys-
tems [3]. Indirect UV detection has been used
successfully for the determination of anions in
different matrices [8,10,12-14). In this case sepa-
ration is obtained with an electrolyte containing
an UV absorbing anion plus an electroosmotic

‘flow modifier. The displacement of the chromo-

phore by the analyte ions permit indirect photo-
metric detection. By adding a so-called electro-
osmotic modifier (a cationic surfactant) the di-
rection of the electroosmotic flow can be re-
versed, forcing the anions to migrate in the same
direction as the electroosmotic flow from the
injection end toward the detection end. Second-
ly, by selecting an electrolyte anion with a
mobility that is closely matched to the ions to be
determined, separations could be achieved rapid-
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ly within several minutes. Based on this princi-
ple, Fluka Chemie AG composed an electrolyte,
in which pyromellitic acid was chosen as chromo-
phore and hexamethonium hydroxide as electro-
osmotic modifier. As already shown by Dionex
[15] it is possible to separate the most common
inorganic anions with this buffer solution.

This article describes the validation of the
determination of eight common anions (fluoride,
chloride, bromide, sulphate, nitrite, nitrate,
thiosulphate and phosphate) with the buffer
system delivered by Fluka Chemie and the
Model PRINCE CE apparatus. Next, the meth-
od is compared with a home-made buffer solu-
tion, containing chromate as chromophore and
tetradecyltrimethylammonium bromide (TTAB)
as electroosmotic flow modifier, and a (similar)
commercial buffer solution (Dionex).

2. Experimental
2.1. Instrumentation

A PRINCE CE instrument (Lauer Labs,
Emmen, Netherlands) in combination with a
Model 759A absorbance detector (Separations,
Hendrik Ido Ambacht, Netherlands) was used.
Data were collected with the Gyncosoft chroma-
tography data system (Separations). The column
used was a polyimide-coated, 60 cm X 50 pum
I.D. fused-silica capillary (Thermo Separation
Products). The injection mode was hydro-
dynamic. Operating conditions are provided in
the captions to the figures.

2.2. Reagents

All solutions were prepared using demineral-
ised water (Water Treatment Rossmark-Van
Wijk and Boerma, Almelo, Netherlands). Sodi-
um chromate and TTAB were obtained from
Fluka (Buchs, Switzerland). Boric acid (p.a.)
was obtained from Janssen (Beerse, Belgium).
Anion standards used were prepared from ana-
lytical sodium salts purchased from Brunschwig
Chemie (Amsterdam, Netherlands).

2.3. Electrolyte solutions

The electrolyte solution obtained from Fluka
and Dionex (Breda, Netherlands) basically con-
sists of 2.25 mM pyromellitic acid, 6.5 mM
sodium hydroxide, 0.75 mM hexamethonium
hydroxide and 1.6 mM triethanolamine, pH
7.7=0.2 (information provided by Fluka and
Dionex, respectively).

The home-made electrolyte solution was made
by bringing the pH of a 5 mM boric acid solution
to pH 8.0 with 0.2 M sodium hydroxide. To this
solution 5 ml of a 0.1 M sodium chromate
solution and 0.5 ml of a 0.1 M TTAB solution
was added. The pH of the electrolyte buffer was
checked prior to use, and, if necessary, brought
to pH 8.

3. Results and discussion
3.1. CE configuration

Normally, sample introduction is carried out at
the anodic and detection at the cathodic elec-
trode. The electroosmotic flow (EOF), a bulk
fluid flow which appears at a pH>2, is toward
the cathode and is dependent on the charge on
the capillary wall. By introducing cationic surfac-
tants into the buffer, the direction of the EOF is
reversed. For this purpose, injection is thereby
carried out at the cathodic electrode and detec-
tion at the anodic electrode. Due to the fact that
inorganic anions have a large charge-to-size
ratio, these species migrate toward the anode
preceding the EOF. This finally results in a very
efficient and short analysis.

With respect to the injection technique in CE,
in this case two modes can be chosen: hydro-
dynamic and electrokinetic injection. The first
method is used exclusively in this work. By using
a pressure differential, based on Boyle’s law, a
representative sample of a homogeneous mixture
is introduced into a capillary [16].

Analysis is carried out as described above.
Detection occurs by the process of indirect
photometry at 250 nm (for the Fluka and Dionex
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Fig. 1. Calibration plots of eight anions (peak heights or peak areas versus the concentration per anion mg/l).

buffer solutions) and at 272 nm (for the home-
made buffer solution).

3.2. Validation of the Fluka buffer

Prior to analysis, the capillary was washed
with a 2 M hydrochloric acid solution followed
by a 0.2 M sodium hydroxide solution. When
applying the buffers from Fluka or Dionex, the
capillary was equilibrated during half an hour at
30 kV. For the home-made buffer solution, a
longer equilibration time was required {(approxi-
mately one day).

For the validation of the Fluka buffer, a stock

Aalitidation] LIUK 183 =)

solution was prepared in water containing a

mixture of inorganic ions (thiosulphate, bro-
mide, chloride, sulphate, nitrite, nitrate, fluoride
and phosphate) with a concentration of approxi-
mately 200-500 mgu per COi‘ﬁ‘pO‘dﬁu Dilutions
were made in water from the stock solution, and
every standard plus a blank (demmemlmed

water) was m]ected at least three times. Based
on the measured peak heights (mV) or peak
areas (mV-min), calibration plots were calcu-
lated with linear regression analysis. The results
are presented in Fig. 1. For most of the com-
ponents good linearity can be observed at con-

Anmbrntinme lhatornann 1 and 10 mo/l At hicher
CCIranions oCiwceeil 1 dana 1iv LR/ 3. SR Lpkivi

concentrations a significant deviation from a
calculated first order calibration plot can clearly
be seen and a second order correction should be
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Table 1

I ﬂn“ the rannatohuhhxb and rnnrndunuhduh: of the migration time, neak height and nanlr area for An’vht anions determined with
LOD epe ity eproducibiiit the migration tume, pe i3

capillary electrophoresis and indirect UV-detection using the Fluka buffer (data are based on a 50 mbar hydrodynamic injection

during 6 s)
Compound LOD Repeatability Reproducibility
(mg/1) (%R.S.D.), n=9 (%R.S.D.), n=12
M.T. P.H. PA. M.T. PH. P.A.

8,07 2 0.09 6 12 0.6 6 30
Br- 3 0 6 15 0.5 9 23
Cl- 1 0.1 5 11 0.7 5 12
SO%- 1 0.1 4 11 0.7 6 15
NO; 3 0.08 4 10 0.7 6 11
NO; 2 0.07 4 7 0.6 7 10
F~ 2 0.2 29 67 0.4 48 53
HPO?™ 1 2 31 30 1 32 56

Lt ol e

*LOD is defined as three times the noise and is expressed as mg/l anion. The noise being 0.2 mV (rise time detector 1 s).
* Demonstrated are the relative standard deviations in the migration time (M.T.), peak height (P.H.) and peak area (P.A.).

applied. Due to large deviations (see Table 1) in
the analysis of fluoride and phosphate, bad
correlations are observed with respect to regres-
sion analysis.

In order to determine the repeatability, a
standard mixture of the above mentioned com-
ponents with a concentration of approximately 5

mo/l per comnound was iniected nine times. The

g LnpY ALV kL RSS2 U

relatlve standard deviations (R.S.D.s) in the
peak heights, peak areas and migration times of
the anions were determined. The reproducibility,
expressed as the R.S.D. of the migration times,
peak heights and peak areas, was determined by
analyzing the same standard on different days.
Next, limits of detection (LODs), defined as
three times the noise, were determined for each
The results for the renenfnhlhtv

4120 ICouits 20D UL eIy,

(‘nmnnnent

reproduc1b111ty and LOD for the Fluka buffer are
given in Table 1.

For comparison, the repeatability and repro-
ducibility of the migration times, peak heights
and the LODs of the above-mentioned anions
using the home-made electrolyte solution was
determined in the same manner. The results for
this electrolyte solution are given in Table 2.
Typical electropherograms for both systems are

shown in Figs. 2 and 3, respectively.

As can be seen from Table 1 the migration
times for the eight anions when using the Fluka
electrolyte buffer seem to be sufficiently repeat-
able and reproducible. With respect to the home-
made buffer, the repeatability as well as the
reproducibility of the migration times was found
to be significantly worse compared to those when
using the Fluka buffer. With the exception of
fluoride and phosphate, the repeatability and
reproducibility of the measured peak heights are
well in line with conventional (ion) chromato-
graphic techniques. However, with respect to the
measured peak areas large deviations were ob-
served (see Table 1). This can be explained by
the fact that the integration program used
showed difficulties in drawing accurate baselines
for negative peaks and had to be done by hand

Therefore, comparison with the home- made buf-
fer is done by measuring and comparing the peak
heights only. With respect to the peak heights
comparable results were obtained, with the ex-
ception of those for fluoride and phosphate.

As demonstrated in Fig 2, the peaks for
fluoride and pu(‘)Spuau:, which can be defined as
relatively slow migrating components, are not
symmetric and relatively broad compared to the

other components. In contrary, better peak-
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Table 2

LOD?*, the repeatability® and reproducibility® of the migration time and peak height for eight anions determined with capillary
electrophoresis and indirect UV-detection using the home-made buffer (data are based on a 50 mbar hydrodynamic injection

during 6 s)
Compound LOD Repeatability Reproducibility
(mg/1) (%R.S.D.),n=9 (%R.S.D.),n=12
M.T. P.H. M.T. P.H.

S,07" 0.6 0.8 4 2 8
Br~ 0.6 0.8 7 2 14
(o 0.1 0.8 3 2 4
S0 0.2 1 3 2 6
NO, 0.6 1 3 2 6
NO; 04 0.8 6 3 7
F 0.8 0.9 4 2 18
HPO?” 2 0.7 7 3 29

*LOD is defined as three times the noise and is expressed as mg/] anion. The noise being 0.005 mV (rise time detector 1 s).
® Demonstrated are the relative standard deviations in the migration time (M.T.) and peak height (P.H.).

shapes were performed using the home-made
buffer (see Fig. 3). This probably explaines the
fact that for fluoride and phosphate better results
were obtained when using the home-made buf-
fer. For the fast migrating components, however,
the Fluka buffer seems to be more suitable.
During the primary experiments with the Fluka

buffer, it was found that separation between
these species remained even at high injection
volumes (100 nl) and/or if one of these com-
ponents was added in excess (which is frequently
the case with samples). This adverse phenomena
was noticed by us when using the home-made
buffer.
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Fig. 2. Electropherogram of standard anions. Capillary 60 ¢cm x 50 pwm L.D. fused-silica. Electrolyte: Trace anion buffer (Fluka).
Injection: hydrodynamic, 50 mbar, 6 s, Potential: 20 kV. Detection: indirect 250 nm. Solutes: 1= SZO§“ (5 mg/l); 2=Br (5
mg/1); 3=Cl~ (6 mg/l); 4=S02" (7 mg/l); 5=NO; (6 mg/l); 6=NO; (6 mg/l); 7=F~ (2 mg/1); and 8 = HPO;~ (1 mg/l).
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Fig. 3. Electropherogram of standard anions. Capillary 73
ecm X 75 pum L.D. fused-silica. Electrolyte: 5 mM sodium
chromate, 0.5 mM TTAB, 5 mM boric acid, pH 8.0 Injec-
tion: hydrodynamic, 20 mbar, 6 s, Potential: 20 kV. Detec-
tion: indirect 272 nm. Solutes: 1 =35,03" (4 mg/l); 2=Br~
(6 mg/1); 3=Cl~ (8 mg/l); 4=S0." (6 mg/l); 5=NO; (7
mg/1); 6=NO; (7 mg/l); 7=F" (5 mg/1); and 8 = HPO}”
(2 mg/1).

As can be seen in Fig. 2, the noise in the
baseline when using the Fluka buffer is relatively
high (0.2 mV compared to 0.005 mV for the
home-made buffer). This explains the high LOD
determined for the eight anions compared to
those of the home-made buffer. Comparable
electropherograms (see Fig. 4) were obtained
when using the Dionex buffer; in this case a
baseline with a relatively high noise level was
also noticed. Filtering the buffer with a 0.45-um
filter did not show any positive effect. Without
further experiments on this subject, no explana-
tion can be given for this phenomena.

Next, the Fluka buffer was applied for the
determination of anions in three different ma-
trices: tap water, urine and serum. With respect
to tap water, direct injection was possible. The

e - 4 N S { - N —

;L ii:"lji‘::,ff: l'lﬂltF-Y: ‘,‘:Zf;

Fig. 4. Electropherogram of standard anions. Capillary 73
cm X 75 um LD. fused-silica. Electrolyte: Ionphor Anion
PMA (Dionex) Injection: hydrodynamic, 10 mbar, 6 s,
Potential: 30 kV. Detection: indirect 250 nm. Solutes: 1=
$,027 (11 mg/l) 2=Br" (12 mg/l); 3=Cl~ (21 mg/l);
4=S0:" (15 mg/1); 5=NO, (36 mg/1); 6= NO; (18 mg/1);
7=F" (13 mg/1); and 8§ =HPO:™ (5 mg/1).

urine sample was diluted 50 times prior to
analysis. Due to the fact that proteins, present in
serum, tend to adsorb to the capillary wall and
thereby influencing the migration times, they
were removed prior to analysis. This was done
by means of spinning 0.5 ul sample in a
Microcon-3 concentrator (Grace, Amicon Divi-
sion, MW cutoff 3000) at 10 000 g for 20 min.
The filtrate obtained was diluted 25 times and
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Fig. 5. Electropherogram of tap water. Capillary 60 cm x50 pm L.D. fused-silica. Electrolyte: Trace anion buffer (Fluka).
Injection: hydrodynamic, 50 mbar, 6 s, Potential: 20 kV. Detection: indirect 250 nm. Solutes: 1 = chloride (38 mg/1); 2 = sulphate
(52 mg/1); 4 = nitrate (4 mg/l); 8 = fluoride (44 mg/1).

was ready for use. Electropherograms of tap clinical laboratories. However, a more severe
water, urine and serum are demonstrated in study on this subject has to be performed before
Figs. 5, 6 and 7, respectively. introducing the technique in this area.

For human urine and serum, reference values
were given by clinical chemists for chloride of

110-250 mmol and 101-111 mmol, respectively. 4. Conclusions
For urine and serum, we analyzed a concen-
tration of 184 mM and 130 mM. Based on these In this work the electrolyte solution from
limited results, this method apparently shows Fluka Chemie AG is validated and compared
possible potential for the application of CE in with other available electrolyte solutions for the

4.28 U . v

PR

4.00 ¥ @

3.75 — o

3.%0 E

3.25 -1 k

3.00 4

2.75 .

2.43 —~T T : : T 1 T - ain
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Fig. 6. Electropherogram of diluted urine. Capillary 60 cm X 50 wm 1.D. fused-silica. Electrolyte: Trace anion buffer (Fluka).
Injection: hydrodynamic, 10 mbar, 6 s, Potential: 20 kV. Detection: indirect 250 nm. Solutes: 1=chloride (130 mg/l);
2 = sulphate (100 mg/1); 3 = nitrate (31 mg/l1).
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Fig. 7. Electropherogram of diluted serum. Capillary 60 cm X 50 pm LD. fused-silica. Electrolyte: Trace anion buffer (Fluka).
Injection: hydrodynamic, 10 mbar, 6 s, Potential: 20 kV. Detection: indirect 250 nm. Solutes: 1=chloride (180 mg/l);

2 = sulphate (52 mg/1); 4 = nitrate (9 mg/1); 5 = not identified.

determination of inorganic anions with the
Model PRINCE (Lauer Labs) CE instrument in
combination with indirect UV detection. The
system is suitable for the determination of fast
migrating anions, such as thiosulphate, bromide,
chloride, sulphate, nitrite and nitrate.

Although the method seems to be sufficient
repeatable and reproducible for the determina-
tion of these inorganic anions, the method lacks
in linearity. With regard to the repeatability and
reproducibility, comparable results were ob-
tained with another, home-made, electrolyte
solution.

To increase the potential of the method, better
LODs should be obtained. In order to decrease
the noise in the baseline, more work is in
progress with respect to the composition of the
electrolyte buifer.
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